In this paper, the stability problems of power systems with large power source are analyzed with viewpoint of energy balance. The phenomena are studied when the energy delivery are "blocked" by faults that occur on some key transmission lines of a large power source within a power system, on the transmission lines between the interconnected power systems, or on some key buses. The cases are based on a practical power system and its interconnected systems.
Introduction
The load consumption is continuing growing along with the economy development. The power system construction has been actively developed. The distribution of power supply is uneven and the varying load demand will inevitably lead to the high capacity power delivery. However, the contradiction between the relative weak grid structure and the high capacity power delivery has become increasingly prominent.
Reference [1, 2] analyze and solve the problem of power delivery and trade from the point of view of power market. Reference [3, 4] makes a comparison of the access manners of the power systems with massive output energy. Reference [4] studies the solutions of the security and stability control system. There are few papers studying the stability of power system when fault occurs on transmission lines with high capacity power sending. Wide area interconnection of power systems is the development trend, the faults on some delivery transmission lines or on some key buses will lead to the power surplus of the sending system and the power shortage of the receiving system. It will cause a great impact on the security and the stability of the sending system and even its interconnected systems.
In this paper, we focus on the power system stability problems caused by fault occurs on transmission lines of a practical power grid with high capacity power delivery.
Stability Analysis on the Power System
The power system with the high capacity power delivery can be simplified to the model shown in Figure 1 . It shows that the energy is delivering through two transmission lines to the receiving power system from the large power base. The sending system is simplified as a generator G1 and the receiving system is simplified as a generator G2.
Suppose the prime mover output remains constant during the transient, the generator's equations of motion is shown in Equation (1)
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 by both sides at the same time to get Equation (2).
Integrating Equation (3) on both sides to get Equation (4) 2 0 ( ) 
where, δ m is the maximum power angle of the generator, and δ 0 is the initial power angle. The rotor will accelerate and kinetic energy will accumulate when δ changes from δ 0 to δ 1 . The energy accumulated is
The rotor will decelerate and lose energy when δ changes from δ 1 to δ m . The loss of energy is
If there is a certain distance between the fault position and the sending generators G1, assuming the fault occurs in the point F in Figure 1 . The power sending will be affected after relay cutting the line L2 to isolate the fault and the sending system will be at the state of power surplus. fault occurs,  don't change suddenly because of the rotor inertia. It means that the loss of load of G1 will lead to the mechanical power becoming greater than the electromagnetic power for the sending system. With the accumulation of the kinetic energy, the fault line will be cut when δ changes to δ 1 , operation point moves from c to d, now the electromagnetic power is greater than the mechanical power, rotor decelerates and rotor angle continues to increase until the kinetic energy accumulated during the fault is fully depleted by the receiving system. It means that the loss of power supply will lead to the mechanical power becoming smaller than the electromagnetic power for the receiving system. The rotor decelerates and rotor kinetic energy continues to decrease until it reaches the energy balance between the receiving and sending systems. If the accumulated kinetic energy of the sending system can't be fully dissipated and the loss energy of the receiving system can't be supplied, it will at last lead to the disconnection of the receiving system while at most the collapse of the whole system. The power with the concentrated load model is shown in Figure 3 [5] . In the model, the power goes through the series impedance to supply the load, which represents large power base goes through transmission lines to supply the load area.
The power supplied to the load is
The system P-V character is shown in Figure 4 . When a bus failure occurs within the receiving system, the voltage of the system will drop, and the reactive compensation power generated by the capacitor will decrease as the voltage drops, so the voltage of system can't be effectively enhanced. The load power will decrease with the voltage drop, as is shown in Figure 4 . The more the voltage drop is, the more the load loss is. As the load decreases, the power surplus phenomenon appears within the system. The preceding analysis shows, If a failure in the system causes the voltage drops substantially, it will inevitably lead to the over accumulation of the kinetic energy of the generator and the destruction of system stability. 
Case Study
Although the analysis above is for the simple system, the stability mechanism is the same for the large complex power system. The practical interconnected power system is shown in the Figure 5 . System 1 stands for a large power base, whose load is not heavy relatively. System 1 is connected to the system 3 through four-loop EHV AC lines, to system 2 with a DC transmission line, and to system 4 with two DC transmission lines. In addition, system 3 connects with system 5 through a UHV line The structure of the system 1 is shown in the Figure 6 . Five hydropower bases (base 1-base 5) sends large amount of power to the system 1 to meet the load and the remaining power is transmitted to the external system through AC-DC hybrid transmission channel as shown in Figure 5 .
The mechanism of power transfer blocking and remedies will be analyzed in the Figure 5 below. 
The Blocking of Transmission Channels of the Base of System 1
There are 8 generators in the base 5; a total of 4800MW active power is transmitted by four-loop transmission lines. When N-2 failure occurs within these transmission lines, the relay will remove the failure side of the line 0.09s after the fault and remove the other side of the same line as well as the other parallel line 0.01 s later. Because of the loss of two lines, large amount of power can't be transmitted outside, which will lead to the continuous accumulation of the generator kinetic energy and the transient energy will be spread to the external system. Because of the loss of two lines, a large amount of power can't be transmitted outside, which lead to the continuous accumulation of the generator kinetic energy. The transient energy will be spread to the external system. The system 3 is in the state of a large amount of power shortfall and in order to maintain the energy balance of system 3 a great quantity of power of system 5 will be forced to flow to the system 3. The voltage across line 6 continues to drop and eventually system 3 and system 5 will be disconnected when the low voltage disconnecting limit is reached. System 3 will not be able to meet the load demand, which causes the continuous loss of power of the generators. The contradiction of energy imbalance among systems will eventually lead to significantly oscillation of all the generators in the grid and the out-of-step with the main grid. To ensure the system 3 and system 5 not to disconnect, it is obliged to limit the power flow of line 6 to 4000 MW and cut 1800 MW power of base5 after the failure.
The power curve of the key line after the fault of the transmission channel of hydropower base 5 is shown in Figure 7. 
The Blocking of Transmission Lines of the
External Connected Systems and System 1 Figure 5 , due to the normal operational state of DC line 1,4,5 is either constant power or constant current, the loss of line 1 or 2 will lead to a large quantity of power flowing to the line 1 or 2. Because of the thermal stability limit or the limit of transient stability of the line 1 or 2, the power flow can't be completely transferred to the external system. The phenomena of power surplus will occur within the generators in system 1, along with the kinetic energy accumulation of the system 1, and finally lead to the disconnection of line 6. Only in the way of limiting the power flow of line 6 to 3000 MW, limiting the power flow of system 1 under 3000 MW, emergency DC power support to transfer part of power flow during the failure, or removing some generators of system 1, can the energy accumulated in system 1 be dissipated during the failure and the system be stable. The failure of some buses of system 1 will lead to a relatively large range of short-term voltage drop. The kinetic energy of generators will increase during the fault, by this time, because of the wide range of voltage drop of the system, if the load is constant impedance; the bus voltage which drops significantly, its load is bound to decrease. If the load is constant power characteristics, such load will hinder the voltage recovery after the failure which will lead to the affect of power recovery of the associated constant impedance load. At this time, the generator is in the state of kinetic energy surplus, the ability of energy consumption of the load will also be reduced, under the effect of the contradiction; the power grid dynamic behavior will be towards the direction of instability. When the unbalanced energy reaches a certain threshold, the system will lose stability. The power angle As can be seen from Figure 9 , the power angles of generators oscillate obviously after the fault, the transient kinetic energy accumulated is relatively large and the voltage drop of certain bus is relatively obvious. Although the system is still stable during this failure, the energy balance will be severely affected from the analysis of section 2. If the kinetic energy of the generator excessively accumulated, excessive voltage drop will lead to the excessive load drop and the loss stability of the system.
Conclusions
In this paper, the stability of power system with massive energy output is analyzed with viewpoint of energy balance. The stability of the power system after the blocking of the output hydropower transmission lines of the inner system and the external transmission lines is studied based on the practical power system and its interconnected systems. The study found that power blocking and the restriction of power transmitted by the power system with massive output energy are mainly due to the stability issue of the power system with massive energy output and the operation mode of its connected power systems. To guarantee the stability of the interconnected system， the "stopgap strategy" is to limit the power flow and strengthen the security control, while the fundamental strategy is to strengthen the grid structure and construction of the power transmission lines.
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